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Abstract 
 Diarrheal diseases are one of the leading causes of childhood morbidity and mortality in 
developing countries. In the Philippines, approximately 1,000 infants die of diarrhea 
annually. Since enteric viruses shed in feces of diarrheal patients will be drained into 
sewage, environmental water can be at risk of the viral contamination.  Therefore we tried 
to quantify enteric viruses in river water of the Philippines to assess the risk of acquiring 
viral infection from environmental water. We collected water from rivers in Metro Manila 
and Bulacan (north of Manila) in dry and wet season. We concentrated water samples by 
poly-ethylene glycol precipitation method and detected adenoviruses, enteroviruses, 
hepatitis A virus, norovirus GI and GII and group A  rotavirus by quantitative real time 
PCR, and astrovirus by conventional PCR. We found that the river water was highly 
contaminated with feces and had high virus titer compare to the river in other countries. 
Some enteric viruses had higher viral titer in dry season, and viral titer in water depended 
on the population density in the catchment area. Our sequence analysis showed that 
detected rotavirus and hepatitis A virus were not specific for the Philippines but common 
genotypes which had been circulating among human in other countries. We concluded that 
there is risk of enteric virus infection from urban river water in the Philippines. 
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Introduction 
  Diarrhea is one of the major health problems, and about 1.8 million children die of 
diarrhea annually (Cunliffe et al. 2005). In developing country where clinical care is 
not adequate, diarrhea can be life-threatening disease.  
The major causes of diarrhea appear to be different significantly between 
developed and developing countries. In the developed countries, the most common 
causes of diarrhea are viruses, and norovirus and rotavirus are mainly detected 
from diarrhea patients (Nakanishi et al. 2009). On the other hand in developing 
countries, bacterial agents have been reported to be accounted for most diarrheal 
diseases (Fereshteh et al. 2008). This difference may be due to detection bias since 
virological tests are usually not available in most of developing countries.  
Even in developed country, enteric viruses can be found in environmental water 
(Yamamoto et al. 2005, Yano 2006).  Moreover, where water treatment for sewage 
is not be adequate,  water can be the source of infection since viruses may go into a 
cycle between human and environment.  For examples, norovirus shed in feces will 
be drained into sewage water to river and sea, and the virus may be concentrated in 
the mid-gut of shellfish, and that can become a source of infection in human as a 
food-borne disease. In some developing countries, untreated river water is used for 
their daily life such as drinking, washing, and leisure. If water were to be 
contaminated by pathogenic microorganisms, people in those areas are exposed to 
them through their daily life. Safe water supply may decrease morbidity and 
mortality of diarrheal disease. There is a need to access the risk of acquiring not 
only the bacteria but also enteric virus infection of river water. 
In the Philippines, Research Institute for Tropical Medicine (RITM) under 
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Department of Health is a national reference center for diarrheal disease of the 
Philippines. According to the data from RITM, enterotoxigenic Escherichia coli 
(E.coli), Vibrio cholera and salmonella have been main pathogens detected from 
outbreaks in the community. For enteric viruses, only rotavirus had been 
documented (Marilla et al. 1984; Celia et al. 1990). There is limited available data 
for other enteric viruses in the Philippines. 
Pasig River is the one of the river that runs through the Metro Manila. Kato et al 
had shown that Pasig river had high biochemical oxygen demand (BOD) level which 
implies that the river was highly polluted with organic matter such as feces (Kato 
1999). On the other hand, there is no data on enteric viruses in the environment 
water in the Philippines.  
Since there is limited data on the epidemiology of the enteric viruses in the 
Philippines, we have chosen common enteric viruses based on the study conducted 
in other counties. The following viruses were included in the study;  
1) Adenovirus belongs to Adenoviradae. Viral particle is about 100 nm diameters. 
It does not have envelope which is determinant of the stability. If envelope is 
destroyed, then virus loses infectivity. It has double strand DNA as genome.  DNA 
is much more stable than RNA in natural environment where RNAase exists 
everywhere. There are 51 serotypes for human adenovirus and around a third of 
these serotypes are pathogenic for human. Adenovirus 40 and 41 are well known 
cause of viral diarrhea.  
2）Enterovirus belongs to family Picornaviradae. Enterovirus consists of coxakie 
virus A, B, echovirus, poliovirus, and enterovirus. These viruses have single strand 
positive sense RNA as genome, but does not have envelope. Enterovirus causes 
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variety of symptoms such as diarrhea, meningitis, herpangina and 
Hand-Foot-Mouth disease. In Japan, enteroviruses are mainly circulating in 
summer in temperate climate.  
3）Hepatitis A virus (HAV) also belongs to Picornaviradae. HAV has only one 
serotype but 9 genotypes, and genotype IA is the most common type of HAV all over 
the world. In developing country, most of people have antibody for this virus since 
they are exposed to HAV when they are young. In the Philippines, almost 100% of 
the residents of a poor rural community had anti-HAV antibodies by the age of 15 
years (Domingo EC. 1986). On the other hand, a seroprevalence in the 
middle-income/middle-class communities in Manila found that only 48% were 
antibody-positive at a similar age (Bazga NG. 2000). There must be socioeconomic 
factor that relates to the exposure to the HAV. 
4）Norovirus belongs to Caliciviridae, norovirus genus. It has single strand positive 
sense RNA as genome. Norovirus has 5 genogroups from GI to GV. GI, II, and IV can 
infect to human, and GI and II are most frequently detected from human. This virus 
causes mainly diarrhea with vomiting. Norovirus is one of the most common viruses 
causing gastroenteritis in developed countries. Recently, norovirus GII/4 is a 
predominant strain circulating worldwide, including China (Jin et al. 2009), USA 
(Roger et al. 2009) and Japan (Okada et al. 2005). Norovirus is frequently detected 
from environmental water and shellfish (Yamamoto et al. 2005; Yano 2006; Tiong et 
al. 2009). 
5) Rotavirus belongs to Reoviradae rotavirus genus. The virus has 11 segments of 
double strand RNA as viral genome. The outer capsid layer is composed of two 
proteins; VP defines G types and VP4 defines P types. At least 15 G types and 27 P 
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types have been found by sequence analysis of the VP7 and VP4. The virus has 7 
groups from A to G, but only groups A, B, and C rotavirus cause gastroenteritis to 
human. Most common rotavirus is group A rotavirus, and it often causes severe 
diarrhea with dehydration in infants. Usually, this virus spread in winter season in 
temperate country. Rotavirus is as common as norovirus in diarrheal patients in 
developed countries. In the Philippines, rotavirus was more common than bacteria 
in diarrheal patients (Marilla et al. 1984).  
6) Astrovirus belongs to family Astroviridae, mamastrovirus genus. It has single 
strand positive sense RNA as viral genome, but does not have envelope. Human 
astrovirus has 8 serotypes, G1 to G8, and G1 is the major circulating serotype. Most 
of people have antibody for this virus and its symptom is not so severe. Astrovirus is 
frequently detected from diarrheal patients in many countries, including Taiwan 
(Hsiao-Chuan et al. 2008), Japan (Nakanishi et al. 2009), Pakistan (Tung et al. 
2004), and Vietnam (Tuan et al. 2007). Serologic surveys in the UK and USA have 
shown that more than 70% of children acquire astrovirus infection by 5 years of age 
(Kultz et al. 1978). 
We conducted this study to access the prevalence of the enteric viruses in the 
river water to anticipate the risk of viral infection due to contamination of 
environmental water. We expect that this study provide useful data for public 
health in the Philippines.
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Materials and Methods 
Water sampling sites 
  We selected 6 sites in Metro Manila and 8 sites in Bulacan in Luzon island, the 
Philippines (Figure1a).   
1) Metro Manila region 
Metro Manila is located in National Capital Region of the Philippines. The 
population of Metro Manila is 11,553,427 at 2007 (National Statistics Office), area is 
638.55 km2 and population density is 18,246 people/km2. We have selected Las 
Piñas and Parañaque as sampling sites as shown in Figure1(b). Las Piñas sites (La1, 
2) are located in tributary of Las Piñas river and Parañaque (Pa1-4) sites are located 
in tributary of Parañaque river.  
2) Bulacan  
Bulacan belongs to Region III of the Philippines, which is located in northern part 
of Metro Manila. This area is more rural and has more farm land than Metro 
Manila area. The population of Bulacan province is 2,826,926 in 2007 (NSO), area is 
2,774.85 km2 and population density is 1,077 people/km2. We have chosen 
Meycauayan, Marilao, and Bocaue as sampling sites in Bulacan Area as showen in 
Figure1(c). Meycauayan sites (Me1-3) are along Meycauayan river, Marilao sites 
(Ma1,2) are along with Marilao river, and Bocaue sites (Bo1-3) are along with Santa 
Maria river.  
 
Sampling Time Frame 
In Western Luzon, wet season is usually from May to November and dry season 
from December to April based on mean precipitation data between 1971 and 2001 
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(Chronological Scientific Tables 2006). In 2009, annual precipitation in Metro 
Manila (Philippine Atmospheric, Geophysical and Astronomical Services 
Administration) was twice as higher than its average between 1971 and 2000 
(Figure .2) and the Philippines had flood event by typhoon “Ondoy” in September 
2009.We collected water samples in March, April, August, November, and in 
December. March survey was conducted as a pilot survey to decide sampling sites.  
 
Sampling Methods 
All water sampling was performed in morning. We threw a bucket from middle of 
the bridge over the river or from shore, and collected about 2 L of water. Then we 
transferred 200 ml of water from the bucket into sterilized sample bottle. They were 
kept on ice until further specimen processing.  
 
Bacteriological examination 
Bacterial tests were performed in order to assess the level of fecal contamination 
of river water. We collected samples from 5 lowest sites in each river (La2, Pa3, Me3, 
Ma2, and Bo3) in April, August, and December. We measured total coliform for 
E.coli and enterococcus which are generally used as an indicator of fecal 
contamination. Bacterial test was performed by membrane filter method (Japan 
Sewage Works Association). Each water sample was diluted by ten hold from 1/10 to 
1/10000 with Dulbecco's phosphate buffered saline (D-PBS) (-). Five ml of sample 
water was filtered with 0.45 μm pore filter (HA filter: Millipore). Then the filter 
was put on the chromocult agar (MERCK, NJ, USA) for E.coli and total coliform 
culture, and the m-enterococcus agar (DIFCO, USA) for enterococcus culture. 
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Inoculated plates were incubate at 37 ℃ for 24 hours or 48 hours. After incubation 
(chromocult: 24h, m-enterococcus; 48h), we counted colonies on 3 plates for each 
dilution and calculated the mean number of colonies in 1ml.  
 
Polyethylene glycol (PEG) precipitation 
Sampled water was concentrated by polyethylene glycol (PEG) precipitation 
method (from “Method of Norovirus Detection” Ministry of Health, Labour and 
Welfare, Japan) for virus detection. PEG 6000 (Wako Pure Chemical Industries, 
Osaka, Japan) and sodium chloride (Wako Pure Chemical Industries, Osaka, Japan) 
were added to 45 ml of sample water, and the final concentrations of PEG and 
sodium chloride were 8 % and 2.1 %, respectively. The sample mixtures were stored 
at 4 ℃ over night. Then they were centrifuged at 4 ℃, 3220×g for 1 hour. The 
supernatant was removed and pellet was suspended with 3ml of D-PBS(-). Then 
suspension was filtered with 0.45um pore filter (ADVANTEC, CA, USA) and stored 
at -80 ℃ until viral genome extraction.  
 
Nucleic acid extraction and Reverse transcription 
Two hundred micro liters of the concentrated water samples were subjected to 
nucleic acid extraction with Purelink Viral DNA/RNA kit (Invitrogen, CA USA). 
Each 11 µl RNA samples were reverse transcripted with M-MLV (Invitrogen, CA, 
USA) using random primer (Invitrogen, CA, USA). 
 
Quantitative real time PCR and nested PCR 
  We detected viruses with quantitative real time PCR or conventional PCR. Real 
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time PCR was used for adenovirus (Heim et al. 2003), enterovirus (Monpoeho et al. 
2000), hepatitis A virus (Nishio et al. 2002), norovirus GI and GII (Katayama et al. 
2003), and group A rotavirus (Pang et al. 2004) with 7500 Real Time PCR system 
(Applied Biosystems, CA, USA) using TaqMan Real time PCR master mix (Applied 
Biosystems, CA, USA) (Table 1). We did triplicate of real time PCR for each samples. 
We calculated viral concentration as PDU (PCR Detective Unit)/ml. PDU is 
equivalent to DNA copies. The conventional PCR was used for astrovirus (Lee et al. 
2008) with PCR Thermal Cycler DICE (Takara) and GeneAmp PCR system 9700 
(Applied Biosystems, CA, USA) (Table 2).  
 
Statistical analysis 
  We performed multiple linear regression analysis between amount of bacterial or 
virus in river water and seasonality and sampling location by SPSS software (SPSS 
Ic., Chicago, IL, USA). Briefly, each bacterial concentration and viral titer was 
transformed in logarithm and considered as response variable, and seasonality (dry 




We sequenced PCR product for group A rotavirus (Lee et al. 2008) and hepatitis A 
virus (Hong et al. 2008) using same PCR primers in Table2. PCR positive samples 
were purified with SUPREC-PCR kit (TaKaRa, Shiga, Japan) and underwent 
sequence analysis with BigDye Terminator Cycle Sequence Ready Reaction kit 
(Applied Biosystems, CA, USA) and 3130 Genetic Analyzer (Applied Biosystems, 
CA, USA; HITACHI, Tokyo, Japan). Then, we generated phylogenic tree by 
neighbor joining method with MEGA4.0 software. Reference strains for rotavirus 
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VP7 partial gene were obtained from Genebank and for hepatitis A virus were from 
another study in Vietnam (Hong et al. 2008). We analyzed VP7 gene of rotavirus 




  We performed bacteriological examination with membrane filter method and 
calculated Colony Forming Unit (CFU)/ml for total coliform for E.coli, and 
enterococcus. The concentration of each bacterium in April, August, and December 
was shown in Figure 3 and 4. The total coliform concentration, except for Marilao, 
was the highest in April. But for E. Coli and Enterococcus, there was no apparent 
seasonality. In terms of geographical distribution, samples collected from Metro 
Manila (Las piñas and Parañaque) and Meycauayan tend to have higher 
concentration than samples collected from Marilao and Bocaue, except for in 
December.  
 
Multiple linear regression analysis for bacterial concentration 
  We performed multiple linear regression analysis for concentration of three 
bacteria (Table3). We could not confirm statistically significant seasonality 
difference for the concentrations in our data. However, the concentration in Metro 
Manila was statistically higher than that of Bulacan in all bacteria (p<0.05)  
 
Viral detection 
We were able to detect adenovirus, enterovirus, hepatitis A virus, norovirus GI, 
GII, and group A rotavirus by real time PCR, and astrovirus by conventional PCR. 
Viral titer of each virus by seasonality and sampling locations were shown in Figure 
5 to10 except for astrovirus. All viruses had higher titer in dry season (April and 
December) than wet season (August). For sampling locations, the viral titer in 
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Metro Manila was higher than Bulacan in all viruses except enterovirus (Figure 6). 
The titer of norovirus GI was higher than that of norovirus GII. 
 
Multiple linear regression Analysis for viral titer 
We analyzed viral titer by multiple regression analysis (Table４). We confirmed 
that virus had higher titer in dry season than wet season with statistical significant 
(p<0.05). The viral titer in Metro Manila was also statistically higher (p<0.05) than 
Bulacan in all viruses except enterovirus.  
 
Sequence analysis for group A rotavirus and hepatitis A virus 
For all positive samples by nested PCR for rotavirus and hepatitis A viruses, we 
performed sequence analysis. All detected rotaviruses belonged to G serotype 1 
(Figure11). All detected hepatitis A viruses belonged to genotype IA (Figure12). 
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Discussion  
We were able to quantify the series of bacteria and viruses in the environmental 
water in the urban setting of the Philippines. This study was conducted based on 
our hypothesis that viruses detected from river water reflect the viruses circulating 
in the population in each area because patients shed viruses into their feces.  
As we expected, river water for all sampling sites had high concentration of total 
coliform, which indicated that water was highly contaminated with feces. The level 
of total coliform was much higher than the river water and was comparable to 
sewage water in developed country (Masuda et al. 2003). Although improved 
sanitation facilities, such as flush pouring to septic tank or piped sewer system and 
composting toilet, being available for 81% of people living in urban area in the 
Philippines (WHO 2004), it is important to provide water sanitation with people 
living along with river, because their garbage directly pollute river. We concluded 
that sewage treatment system and coverage need improvement. 
Although we were able to see the change of the bacterial concentration by 
different season of the Philippines, we could not reveal apparent seasonality of 
bacterial concentration by statistical analysis. We expected that the bacterial 
concentration of dry season would be higher than that of wet season, because of 
pathogens can be relatively concentrated in dry season. Masuda showed that the 
bacterial concentration in sewage water become higher when it rained (Masuda et 
al. 2003). Therefore, we may need to pay attention to the amount of river flow and 
weather prior to the sampling in order to unify the river condition. On the other side, 
we showed that concentration of bacteria in Metro Manila was statistically higher 
than that in Bulacan. This result stated that fecal pollution on river water 
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depended on population live in the water basin.  
As far as we know, there has been no published data of enteric viruses in 
environmental water in the Philippines. In the current study, we were able to detect 
adenovirus, enterovirus, hepatitis A virus, norovirus GI, GII, group A rotavirus, and 
astrovirus, and quantified these viruses except for astrovirus. In developed 
countries, enteric viruses, such as norovirus, adenovirus, enterovirus, and rotavirus, 
had been detected from water sample (Lodder et al. 2005; Lee et al. 2008). But 
developing countries, viral pollution in environmental water has not been well 
studied. 
In comparison of Filipino river water with those in developed countries, the viral 
concentration in our study was higher. In Italy, the norovirus concentration in 
sewage samples were 6.80×102 – 6.77×104 copies/ml, and 7.60×101 – 2.40×103 
copies/10L in sea water (Giuseppina et al. 2009). Where as in Japan, river water 
had concentration of 8.3×101 – 1.5×105 copies/100ml (Yamamoto et al. 2005). As 
mentioned above, the sewage treatment system needs some improvement also from 
virological perspective. 
From our samples, enteric viruses were detected in all season.  The titer of 
adenovirus, hepatitis A virus, norovirus GI, GII, and group A rotavirus were 
statistically higher in dry season (April and December) than wet season (August). It 
has shown that rotavirus mainly spread from end of wet season to middle of dry 
season (October to February) in the Philippines (Urasawa et al. 2008). In our study, 
rotavirus concentration in December was the highest. This result agreed with the 
rotavirus study in the Philippines. Our result suggested that the seasonal pattern of 
the rotavirus in the environmental water was parallel to that of human, but 
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epidemiological study should be conducted to see the seasonality for rotavirus, as 
well as other viruses. 
Viral titer of adenovirus, hepatitis A virus, norovirus GI, GII, and group A 
rotavirus were clearly higher in Metro Manila than Bulacan.  The population 
density of Metro Manila is nearly 20 times higher than that of Bulacan province. 
The result of sampling locations showed that viral titer would depend on the 
population of each area which in lines with our data on fecal pollution. But in this 
study, only enterovirus had pattern from other viruses. It may be due to the fact 
that the primer pair used for enterovirus detection can detect enteroviruses in 
animals such as Swine Vesicular Disease Virus (SVDV) based on the homology of 
the primer, therefore titer of enterovirus could be affected by these non-human 
pathogenic viruses. Bulacan region has more farm than Metro Manila. The compost 
from farm could contaminate to river water. We may need to subtype enterovirus.  
Generally, specific type of norovirus (GII/4) is mainly detected from clinical 
samples in outbreak all over the world (Roger et al. 2009; Cheryl et al. 2009). But 
both GI and GII norovirus have been detected from environmental water (Saitoh et 
al. 2007; Yamamoto et al. 2005). We also detected both norovirus GI and GII from 
river water in the Philippines. It may suggest that various types of norovirus 
certainly exist in the community. It is important to research environmental sample 
to detect viruses which could not be detect from clinical samples. 
We performed sequence analysis for group A rotavirus VP7 gene and hepatitis A 
virus VP1 gene which were able to be detected by nested PCR. Detected rotavirus 
belonged to G serotype 1. G1 to G4 rotavirus was usually detected from all over the 
world, so this G1 rotavirus spread in the Philippines too. The study that research 
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rotaviruses spreading in the Philippines in 1990s, showed G1 to G4 rotavirus is 
mainly spread in the community in 1995-1998 season (Urasawa et al. 2008). 
According to that study, different serotype of group A rotavirus can circulate by year. 
But in this study, only one serotype was detected in March, April and December 
samples, and we could not see serotype shift in our study. For hepatitis A virus, all 
viruses belonged to genotype IA which is the most major genotype all over the world. 
It is believed that these viruses detected from river water samples reflect viruses 
circulating in population. Therefore we showed that rotavirus and hepatitis A virus 
spreading in the Philippines were same type to the virus circulating among human 
all over the world. 
From our study in the Philippines, many enteric viruses were detected from 
urban river water, which indicate that there is risk of viral infection from 
environmental water. It is important that government provide information of risk of 
water pollution and effort to improve water quality, to improve public health 
condition. Since there is a cycle of pathogens between human and environment, we 
also should consider the prevalence of viruses among human population in the 
study areas. But we could not access circulating viruses in human population, 
because we do not have clinical samples collected from diarrheal cases. We need to 
study environmental and clinical sample at same time to obtain more information 
about ecological cycle of these viruses.
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Conclusion 
From this study, we showed high titer of enteric viruses in urban river water of 
the Philippines and there is the risk that waterborne infection from 
environmental water. The result from analysis of environmental water showed 
seasonal and sampling locations of viral titer and existence of viruses circulating 
among population silently. Therefore, we need to survey viruses in 
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Figure1: Sampling sites. 
1(a) shows map of Luzon, 1(b) shows map of Metro 




















































Virus Sequence (5' → 3') Reference 
Adenovirus     
AdV F GCCACGGTGGGGTTTCTAAACTT Heim et al., 2003 
AdV R GCCCCAGTGGTCTTACATGCACATC   
AdV Probe FAM-TGCACCAGACCCGGGCTCAGGTACTCCGA-TAMRA   
Enterovirus     
EV F GATTGTCACCATAAGCAGC Monpoeho et al., 2000 
EV R CCCCTGAATGCGGCTAATC   
EV Probe FAM-CGGAACCGACTACTTTGGGTGTCCGT-TAMRA   
Norovirus GI     
NV1 F CGYTGGATGCGNTTYCATGA Kageyama et al., 2003 
NV1 R CTTAGACGCCATCATCATTYAC   
NV1 Probe(a) FAM-AGATYGCGATCYCCTGTCCA-TAMRA   
NV1 Probe(b) FAM-AGATCGCGGTCTCCTGTCCA-TAMRA   
Norovirus GII     
NV2 F CARGARBCNATGTTYAGRTGGATGAG Kageyama et al., 2003 
NV2 R TCGACGCCATCTTCATTCACA   
NV2 Probe FAM-TGGGAGGGCGATCGCAATCT-TAMRA   
Group A Rotavirus     
RV F ACCATCTACACATGACCCTC Pang et al., 2004 
RV R GGTCACATAACGCCCC   
RV Probe FAM-ATGAGCACAATAGTTAAAAGCTAACACTGTCAA-TAMRA   
Hepatitis A virus     
HAV F AGGGTAACAGCGGCGGATAT Nishio et al., 2002 
HAV R ACAGCCCTGACARTCAATYCACT   
HAV Probe FAM-AGACAAAAACCATTCAACRCCGRAGGAC-TAMRA   



























Virus Sequence (5' → 3') Reference 
Group A Rotavirus     
R1 GGCTTTAAAAGAGAGAATTTCCGTCTGG Cheonghoon et al. 2008 
END9 GGTCACATCATACAATTCTAATCTAAG   
R3* GTATGGTATTGAATATACCAC   
Rp* TCCATTGATCCTGTTATTGG   
Hepatitis A virus     
VP1 OF ATTCAGATTAGACTGCCTTGGTA Hong et al. 2008 
VP1 OR CCAAGAAACCTTCATTATTTCATG   
VP1 IF* GCAAATTACAATCATTCTGATGA   
VP1 IR* CTTCYTGAGCATACTTKARTCTTTG   
Astrovirus     
Ast1 CCTGCCCCGAGAACAACCAAG Cheonghoon et al. 2008 
Ast2 GTAAGATTCCCAGATTGGT   
Ast3-A1* CCTTGCCCCGAGCCAGAA   
Ast4-A2* TATTCACAAACTTATGGCAA   
 
Table2: Primer pairs for conventional PCR. 




















































E. Coli in Metro Manila and Bulacan in each season. 
Aug Dec Apr Aug Dec Apr Augu Dec Apr Aug
Paranaque Meycauayan Marilao Bocaue
Bulacan
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  Model 
Unstandardized coefficients 
Significant 
B Standard Error 
Total coliform Metro Manila 0.693 0.139 <0.001 
  Dry season 0.235 0.141 0.107 
  Constants 3.632 0.126 <0.001 
E.Coli Metro Manila 0.855 0.151 <0.001 
  Dry season -0.177 0.153 0.258 
  Constants 3.437 0.137 <0.001 
Enterococcus Metro Manila 0.549 0.13 <0.001 
  Dry season 0.143 0.129 0.274 
  Constants 2.382 0.111 <0.001 
Table3: The result of multiple linear regression analysis about indicator bacteria. 
        B means efficacy of seasonality or sampling locations, B>0 means that the 
factor positively affects to bacterial concentration and B<0 means negative 














































































































































































































  Model 
Unstandardized coefficients 
Significant 
B Standard Error 
Adenovirus Metro Manila 1.210 0.144 <0.001 
  Dry season 0.324 0.149 0.033 
  Constants 1.700 0.171 <0.001 
Enterovirus Metro Manila 0.005 0.091 0.954 
  Dry season 0.448 0.096 <0.001 
  Constants 2.886 0.087 <0.001 
Hepatitis A virus Metro Manila 0.709 0.104 <0.001 
  Dry season 0.477 0.110 <0.001 
  Constants 2.929 0.114 <0.001 
Norovirus GGI Metro Manila 1.074 0.073 <0.001 
  Dry season 0.465 0.085 <0.001 
  Constants 2.930 0.092 <0.001 
Norovirus GGII Metro Manila 0.910 0.076 <0.001 
  Dry season 0.902 0.088 <0.001 
  Constants 2.376 0.091 <0.001 
Group A rotavirus Metro Manila 0.815 0.172 <0.001 
  Dry season 1.431 0.196 <0.001 
  Constants 3.050 0.199 <0.001 
Table4: The result of multiple linear regression analysis about enteric viruses. 
        B means efficacy of seasonality or sampling locations, B>0 means that the 
factor positively affects to viral titer and B<0 means negative effect. Larger 




































































Figure12: Phylogenic tree about hepatitis A virus VP1 gene (107bp). 
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